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Abstract 
 
The presence of a bacterial community is vital to the germination and growth of the 
toxic dinoflagellate Gymnodinium catenatum. Previous research has shown that the 
bacterium Alcanivorax DG881 is an important stimulatory member of the 
dinoflagellate-associated bacterial community, however the nature of the interaction 
between the two organisms, and the substances and mechanism involved in growth 
stimulation are unknown. This thesis uses a uni-bacterial G. catenatum experimental 
culture model to investigate elements of the interaction between the marine bacterium 
Alcanivorax DG881 with the dinoflagellate G. catenatum.  
 
In the first experiment, three treatments were used to determine whether the G. 
catenatum growth stimulating substances produced by Alcanivorax DG881 were 
extracellular or intracellular substances, and whether these substances need to be 
continuously provided to G. catenatum to support growth. Addition of extracellular 
filtrates from cultures of G. catenatum and it’s associated bacteria showed increased 
growth stimulating activity in resting cyst germination experiments compared to 
treatments containing intracellular substances from Alcanivorax DG881 in absence of 
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live Alcanivorax DG881 cells. Repeated addition of extracellular filtrates sustained G. 
catenatum growth after germination for a significantly longer period and to higher cell 
concentrations than a single addition of extracellular filtrate. These results indicated that 
the G. catenatum did not obtain growth stimulating substances by ingesting bacteria but 
requires one or more extracellular dissolved products produced by Alcanivorax DG881. 
The patterns of growth suggest that the products were either labile or utilised by the 
dinoflagellate during growth. 
 
It has been proposed that dinoflagellate-associated Alcanivorax DG881 benefits from 
the utilization of dissolved organic carbon (DOC) exuded from the dinoflagellate cell. 
To examine this idea, the single carbon utilization profile of Alcanivorax DG881 was 
compared with the closely related but no-stimulatory strain Alcanivorax borkumensis 
SK2 using the BIOLOG GN2 plate assay system. Alcanivorax DG881 was able to use a 
much wider range of carbon compounds for growth than Alcanivorax borkumensis SK2, 
particular a wider range of amino acids, known as an important component of the DOC 
exuded from algal cells. The data here suggest that Alcanivorax DG881 is relatively 
better adapted to a life associated with algal cells than Alcanivorax borkumensis SK2.  
Detection and sequence characterization of putative saxitoxin synthesis gene 
  - iii -    
 
homologues was attempted. Degenerate PCR primers designed from sequence of three 
putative saxitoxin biosynthesis (Sxt) genes from cyanobacteria was used to screen G. 
catenatum total DNA extracts. PCR products of expected length were obtained for three 
Sxt genes and two products were sequenced and compared to the putative 
cyanobacterial homolog and other published DNA sequences available on Genbank. 
The putative G. catenatum SxtN gene sequence showed highest similarity with 
sulfurtransferase of bacteria Francisella philomiragia subsp. Philomiragia (84% 
similarity), and with a hypothetical protein the Arabidopsis thaliana (81% similarity). 
The putative G. catenatum SxtU gene sequence showed low similarity with a hypothetical 
protein of Peptostreptococcus micros (46% similarity) and hypothetical proteins from the 
fungi Aspergillus oryzae (46% similarity). Phylogenetic comparisons of the partial 
sequences of both candidate genes suggested that they were of bacterial rather than 
dinoflagellate origin, and bacteria associated with G. catenatum not involved in 
saxitoxin synthesis directly or indirectly.  
 
  - iv -    
 
Acknowledgements 
 
I would like to thank my supervisor Dr. Christopher Bolch for his scientific technical 
support and professional advice throughout this project. I also thank Dr. Natalie 
Moltschaniwskyj, my co-supervisor, for her support in statistic analysis. 
 
I also acknowledge the contribution and assistance of my research supervisor Dr. Brett 
Neilan (University of New South Wales, Australia) for hosting an extended visit to his 
laboratories during collection and analysis of data for chapter 2, and his knowledge of 
cyanobacterial toxin synthesis genes. Thanks also to Dr. Troco Kaan Mihali (UNSW) 
for his support and advice on cyanobacterial Sxt gene primer design and cloning. 
 
I appreciate the assistance provided by Dr. Thailambal Subramanian (NCMCRS) in 
algal culture setting and other helpful suggestions. I also thank Dr. Maria Albinsson for 
offering the use of some of her with of uni-bacterial G. catenatum cultures for aspects of 
this project.  
 
Last, but not the least, I would like to thank my family, especially my parents, Yosuke 
  - v -    
 
and Miyako Matsumoto. Without their support and understanding towards my study, I 
would not have been able to complete my project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  - vi -    
 
Table of contents 
 
Abstract ............................................................................................................................. i 
 
Acknowledgements ........................................................................................................ iv 
 
Table of contents ............................................................................................................. vi 
 
List of figures ................................................................................................................. ix 
 
List of tables .................................................................................................................... x 
 
Chapter 1: Introduction ................................................................................................ 1 
   1-1 Dinoflagellate in marine system .......................................................................... 1 
   1-2 Harmful algal bloom ........................................................................................... 3 
   1-3 Shellfish poisoning .............................................................................................. 5 
   1-4 Interaction between phytoplankton and bacteria ................................................. 7 
   1-5 Thesis Aims ......................................................................................................... 9 
   1-6 References ......................................................................................................... 10 
 
Chapter 2: Growth stimulating activity of the marine bacterium Alcanivorax 
DG881 on the dinoflagellate Gymnodinium catenatum ......................... 14 
   2-1 Introduction ....................................................................................................... 14 
   2-2 Materials and methods ...................................................................................... 17 
     2-2-1 Dinoflagellate culture ............................................................................... 17 
     2-2-2 Bacterial culture ......................................................................................... 17 
     2-2-3 Cyst production .......................................................................................... 17 
     2-2-4 Surface sterilization of cysts ...................................................................... 18 
     2-2-5 Germination and growth stimulation experiments ..................................... 18 
     2-2-6 Statistical analysis ...................................................................................... 24 
   2-3 Results ............................................................................................................... 25 
     2-3-1 G. catenatum growth stimulating activity (experiment 1) ......................... 25 
     2-3-2 G. catenatum growth stimulating activity (experiment 2) ......................... 26 
     2-3-3 G. catenatum growth stimulating activity (experiment 3) ......................... 27 
   2-4 Discussion ......................................................................................................... 30 
   2-5 References ......................................................................................................... 34 
  - vii -    
 
Chapter 3: Single carbon source usage by the dinoflagellate-associated bacterium 
Alcanivorax DG881 and Alcanivorax borkumensis SK2 ....................... 38 
3-1 Introduction ......................................................................................................... 38 
3-2 Materials and method .......................................................................................... 41 
    3-2-1 Bacterial culture ........................................................................................... 41 
    3-2-2 Carbon source utilization ............................................................................. 41 
3-3 Results ................................................................................................................. 43 
3-4 Discussion ........................................................................................................... 47 
3-5 References ........................................................................................................... 50 
 
Chapter 4: Screening of saxitoxin synthesis gene from toxic dinoflagellate G. 
catenatum ................................................................................................ 54 
   4-1 Introduction ....................................................................................................... 54 
   4-2 Materials and methods ...................................................................................... 57 
     4-2-1 Dinoflagellate and bacteria culture ............................................................ 58 
     4-2-2 DNA extraction .......................................................................................... 58 
     4-2-3 Primer design for saxitoxin synthesis gene ................................................ 60 
     4-2-4 PCR and electrophoresis ............................................................................ 61 
     4-2-5 Cloning and Sequencing ............................................................................ 62 
     4-2-6 Multiple sequence alignment and phylogenetic analysis ........................... 62 
   4-3 Results ............................................................................................................... 64 
     4-3-1 PCR amplification ...................................................................................... 64 
     4-3-2 Analysis of candidate SxtN sequence ........................................................ 64 
     4-3-3 Analysis of candidate SxtU sequence ........................................................ 68 
   4-4 Discussion ......................................................................................................... 69 
   4-5 References ......................................................................................................... 72 
 
Chapter 5: Summary and conclusion ........................................................................ 74 
    5-1 G. catenatum grow without live bacteria ......................................................... 74 
    5-2 Carbon source usage of the dinoflagellate associated bacterium Alcanivorax 
DG881 and A. borkumensis SK2……………………………………………74 
    5-3 putative saxitoxin synthesis gene from G. catenatum ..................................... 75 
    5-4 Future research ................................................................................................ 75 
    5-5 References ....................................................................................................... 76 
 
 
